This work presents a straightforward methodology to achieve small linear trinuclear molecules based on the Co II -carboranylcarboxylate system obtained by carving a 1D polynuclear analogous system with the use of diethylether. The reaction of the carboranylcarboxylic ligand, 1-CH 3 -2-CO 2 H-1,2-closo-C 2 B 10 H 10 (LH) with different cobalt salts leads to the polynuclear compound [Co 2 (μ-H 2 O)(1-CH 3 -2-CO 2 -1,2-closo-C 2 B 10 H 10 ) 4 (THF) 4 ], 1 and the polymeric [Co(μ-H 2 O)(1-CH 3 -2-CO 2 -1,2-closo-C 2 B 10 H 10 ) 2 ] n (H 2 O) n 2. This latter 1D chain has been obtained by an unprecedented synthetic strategy for the isolation of cobalt(II) compounds. [Co 3 (μ-H 2 O) 2 (1-CH 3 -2-CO 2 -1,2-closo-C 2 B 10 H 10 ) 6 (H 2 O) 2 (C 4 H 10 O) 2 ], 3 is formed by the dissociation of the polymeric structure that forms 2 when a mild coordinating solvent such as diethylether is added. These compounds have been characterized by analytical and spectroscopic techniques. X-ray analysis of 1 and 3 revealed that 1 presents a dinuclear structure whereas 3 is trinuclear; in both cases a six-coordinated Co II compound with water molecules bridging each of the two Co II centres has been observed. The magnetic properties of 1 and 3 show a weak antiferromagnetic behaviour, respectively, between the Co II centres mediated by two carboxylate ligands and a molecule of water.
Introduction
One major current challenge in materials science and nanotechnology is the association of different properties in the same material which can function either in independent or concerted (synergic) ways. 1 In this respect the study of coordination compounds provides effective solutions allowing a clear understanding of their functioning and improving the fundamental and potential applied research; also, these compounds could be used as building blocks in more elaborate structures. 2 The presence of a metal-ligand association in metal coordination compounds can lead to the generation of suitable materials with a particular usefulness or applicability; the metal can provide redox and magnetic properties 3 among others and the appropriate ligand may determine the functionality of the material. In this sense, coordination polymers are currently of great interest and represent an active area of coordination chemistry because of their special roles in fields such as ion exchange, gas storage, chemical separation, sensor technology, magnets, optoelectronics, energy conversion and storage and catalysis. 4 Also, polynuclear metal compounds attract great interest owing to their relevance to many important naturally occurring processes. The cooperative action of closely coupled dinuclear or multinuclear centres is required for several enzymes to carry out their biological functions as for example in the photosystem II. 5 The successful behaviour of these structures consists of the use of adequate building blocks that allow the synthesis of 1D linear or twisted chains, 2D squares and polygons and 3D cubes and polyhedra. 6 The magnetic properties of 1D/polymetallic compounds derive from the cooperative exchange interaction between the paramagnetic metal ions through the bridging ligands. In this aspect the ligand design is crucial to efficiently transmit exhaustive interactions between the metal in a controller manner. 7 
Results and discussion

Synthesis and structure
The synthetic strategy for the preparation of the Co II compounds, 1-3, containing the carboranylcarboxylate ligand 1-CH 3 -2-CO 2 H-1,2-closo-C 2 B 10 H 10 (LH) and THF, aqua or diethyl ether ligands is outlined in Schemes 1 and 2. The dinuclear cobalt compound [Co 2 (μ-H 2 O)(1-CH 3 -2-CO 2 -1,2-closo-C 2 B 10 H 10 ) 4 (THF) 4 ], 1, was obtained by neutralization of carboranylcarboxylic acid, LH, with NaOH followed by reaction with CoCl 2 ·6H 2 O in ethanol/H 2 O and subsequent extraction in THF. Compound 2 was synthesized by reaction of a suspension of 1-CH 3 -2-CO 2 H-1,2-closo-C 2 B 10 H 10 , LH, with CoCO 3 in water. The trinuclear compound [Co 3 (μ-H 2 O) 2 (1-CH 3 -2-CO 2 -1,2-closo-C 2 B 10 H 10 ) 6 (H 2 O) 2 (C 4 H 10 O) 2 ], 3, was obtained by recrystallization of 2 in diethyl ether. All attempts to obtain crystals of compound 2 in non-coordinating solvents or water were unsuccessful but its X-ray powder diffraction (XRD) was performed and compared with the calculated XRD for compound 3 (Fig. 1 ). Fig. 1 shows that both diagrams are different, proving that 2 and 3 display different structures. This led us to tentatively propose that complex 2 presents a polymeric structure (Scheme 2) where each Co II atom is coordinated by four carboxylate oxygen atoms and two aqua oxygen atoms and is bridged to other Co atoms by two carboranylcarboxylate ligands and by an aqua ligand, similar to the polymer manganese compound described by us, 21b which displays water molecules bridging every two Mn centres, an unusual feature in 1-D oligomer Mn II compounds. In support of this, the elemental analysis of 2 is in agreement with the polymeric structure proposed (see the Experimental section). Compound 2 is broken in coordinating solvents such as diethylether, leading to a linear trinuclear Co II compound 3.
The crystal structures of 1 and 3 have been solved by X-ray diffraction analysis. Crystallographic data and selected bond distances and angles for 1 and 3 are presented in Tables 1 and  2 , respectively. ORTEP plots with the corresponding atom labels for the X-ray structures of both compounds are presented in Fig. 2 .
Dinuclear compound 1 displays a structure with the two cobalt(II) atoms holding together through two syn,syn η1:η1:µ 2 -carboxylate bridges and one bridged aqua molecule as shown in Fig. 2 . The distorted octahedral geometry around each metal ion is completed by one additional monodentate carboranylcarboxylate ligand and two oxygen donor atoms from two THF ligands leading to a local Co (O THF ) (14)°. This bond distance is shorter than the distance observed for similar carboxylate compounds containing pyridine as the terminal ligand in spite of THF.
22c-e The
Co-O THF bond length corresponding to the THF molecule in the trans position to the bridged aqua oxygen atom is significantly shorter (2.083 Å) than the same Co-O THF distance for the THF molecule trans to the bridged carboranylcarboxylate oxygen atom (2.092 Å). The structural packing of this compound ( Fig. 4a ) along the c axis shows the formation of channels in which the carboranylcarboxylate ligands are orientated to these channels and opposite to the water bridged molecules, leading to the existence of a hydrophobic environment in these cavities. Interactions B-H⋯H-B of 2.284 Å between neighbouring molecules and B-H⋯H-C THF (2.3-2.4 Å) between carboxylate ligands and THF molecules along the channels have been observed. The X-ray diffraction of 3 discloses a trinuclear cobalt compound with aqua bridged entities that is made up of a linear (Fig. 3b) .
The packing arrangement of compound 3 along the c axis shows parallel lineal chains where the terminal diethyl ether ligands of adjacent molecules from the same chain are facing each other, Fig. 4b .
Spectroscopic properties
The IR spectra of the compounds described display typical ν(B-H) absorption at frequencies above 2590 cm −1 (Fig. S1 ‡ (Fig. S2 ‡) . It can be observed that the 1 H{ 11 B}-spectra exhibit resonances around δ = 2 ppm attributed to the C c -CH 3 protons and the resonances of the protons bonded to the B atoms appear as broad singlets over a wide chemical-shift range in the region from δ = 0 to +5 ppm. The 11 B{ 1 H}-NMR resonances for all the compounds featured similar patterns in the range from δ = 2 to −15 ppm that agrees with a closo cluster.
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The electronic UV-vis spectra of compounds 1 and 2 are shown in Fig. S3 ‡ and display two characteristic bands, one in the range 300-400 nm and the other in the range 420-570 nm. The pink binuclear compound 1 revealed two bands at 353 nm and 534 nm, whereas that the spectrum for the solid 2 presents one band at 510 nm, and two shoulders at 356 and 472 nm. The higher energy bands observed in these compounds can be assigned to ligand to metal charge transfer (LMCT) transitions. Absorptions in the visible region at 534 nm for 1 and at 472 and 510 nm for 3 are assigned to the two spin-allowed d-d transitions 4 T 1g (F) → 4 A 2g (F) and 4 T 1g (F) → 4 T 1g (P).
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Magnetic properties
Magnetic structural correlations were performed for compounds 1 and 3, where in both cases the cobalt centres are linked to each other through measurements for 1 and 3 were performed in the 2-300 K temperature range applying a 0.5 T dc field. Fig. 5 shows together the two plots of χ M T vs. T for 1 and 3. (Fig. S4 ‡) .
M vs. H/T data were also recorded at different applied external fields (0.5-5 T) in the 1.8-6.8 K temperature range (Fig. S5 ‡) . The magnetization sharply increases upon cooling the sample to 1.8 K and sweeping field up to 5 T, for the two systems, and clear saturation was observed in the reduced magnetization plots of both (1) (2) (3) at the highest achievable field and lowest temperature with values of 4.71 and 7.30Nμ β , respectively. No superposition of the isofield lines was observed, suggesting the existence of relevant anisotropy. 29 Our goal in the present work was the estimation of the J parameter using the whole temperature range. This has only been possible in recent years through sophisticated computer programs due to the magnetic complexity of cobalt species. 30 Here, the data were fitted by diagonalization of the spin Hamiltonian matrix, using the program PHI, 31 which allows the correlation of experimental magnetic data of orbitally degenerate systems using multiple sources; in this case, χ M T vs. T data together with M vs. H/T results were used simultaneously. This way, the χ M T vs. T and M vs. H/T data fittings in the whole 2-300 K range (Fig. 1 ) afforded the parameters: J = −0.30 cm −1 , g = 2.18, TIP = 490 × 10 −6 cm 3 mol −1 and ρ = 0.6% for 1 and J 1 = J 2 = −0.40 cm −1 , g = 2.40, TIP = 633 × 10 −6 cm 3 mol −1 and ρ = 0.5% for 3. As Fig. 5 depicts, a more reliable fitting was obtained in the case of 3, thus the final data achieved for 1 should be taken as illustrative although, due to the structural similarities among the two compounds the resulting magnetic parameters for the latter may be close to reality. As mentioned above, magnetic measurements for bridged Co II compounds and more precisely, for μ-OH 2 , μ-O 2 CR dinuclear/trinuclear Co II systems, are scarce in the literature.
However, some worth noting publications have appeared in the last few years. 10a,32 Dinuclear Co II systems, described with a molecule of H 2 O and two carboxylates as bridging ligands between the two metallic centres, are more abundant than trinuclear species. Magnetically, the characterization in former times was mostly based on the oxidation state and description of the nature of the exchange (always antiferro) but, excellent studies have already provided exchange parameter values between −1 and −3 cm −1 . 10b,22b,33 In the case of Co 3 species, only two systems have been well-characterized magnetically: Calvo-Pérez et al. 10a performed exhaustive analyses of a system related to 3, finding that the J value was −0.4 cm −1 and similar 
Conclusions
An unprecedented strategy for the synthesis of a 1D Co II carboranylcarboxylate polymer together with a straightforward methodology to achieve trinuclear molecules based on this 1D system has been presented in this work. The reaction of the carboranylcarboxylate ligand, 1-CH 3 -2-CO 2 H-1,2-closo-C 2 B 10 H 10 (LH) with CoCO 3 in water leads easily to the isolation of the polymer. Its crystallization in slightly coordinating solvents, such as diethylether, leads to the trinuclear compound with diethyl ether acting as the ancillary ligand on the two terminal Co II ions. This structure containing diethyl ether as terminal ligands has never been observed in cobalt trimer compounds containing carboxylate bridged ligands; this effect is caused by the unconventional properties of the carboranyl ligand such as its volume, and rigid geometry together with its electron-withdrawing character that stabilizes the unique structure presented in this paper. This crystal shows the inner Co⋯Co pairs with the bridging water unit and the two bridging carboxylate ligands while the terminal Co centres contain a monodentate carboranylcarboxylate ligand, one terminal water molecule and one terminal fragmenting solvent, Et 2 O, evidencing their origin as a result of polymer fragmentation. A new dinuclear structure has also been presented in this work, where Co atoms held together through two carboxylate bridges and one bridged aqua molecule and one additional monodentate carboranylcarboxylate ligand and two oxygen donor atoms from two THF ligands complete the octahedral geometry. Interestingly, the packing of this compound shows the formation of hydrophobic cavities due to the orientation of the carboranylcarboxylate ligands in the crystal. Magnetic measurements of polynuclear compounds were carried out, and showed, in all cases, weak antiferromagnetic interactions between the cobalt atoms. This methodology to achieve small molecules by carving 1D Co II carboranylcarboxylate systems with organic solvents could be an important challenge in the development of new molecular building blocks with different ancillary solvent ligands. These molecules tend to impart a dynamic behaviour to the potential resultant coordination networks and consequently improve their properties. More studies in this sense are being developed in our laboratory. 
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Experimental section
Materials
All reagents used in the present work were obtained from Aldrich Chemical Co and were used without further purification. Reagent grade organic solvents were obtained from SDS and high purity de-ionized water was obtained by passing distilled water through a nano-pure Mili-Q water purification system. 1-CH 3 -1,2-closo-C 2 B 10 H 11 was purchased from Katchem.
Instrumentation and measurements
FT-IR spectra were recorded on a Mattson-Galaxy Satellite FT-IR spectrophotometer containing a MKII Golden Gate Single Reflection ATR System. Elemental analyses were performed using a CHNS-O Elemental Analyser EA-1108 from Fisons. UV-Vis spectroscopy was performed on a Cary 50 Scan (Varian) UV-Vis spectrophotometer with 1 cm quartz cells or with an immersion probe of 5 mm path length. NMR spectra have been recorded with a Bruker ARX 300 or a DPX 400 instrument equipped with the appropriate decoupling accessories. 
X-ray structure determination
Measurement of the crystals was performed on a Bruker Smart Apex CCD diffractometer using graphite-monochromated Mo Kα radiation (λ = 0.71073 Å) from an X-ray tube. Data collection, Smart V. 5.631 (BrukerAXS 1997-02) ; data reduction, Saint+ Version 6.36A (Bruker AXS 2001); absorption correction, SADABS version 2.10 (Bruker AXS 2001) and structure solution and refinement, SHELXL-2013 (Sheldrick, 2013 . For structure 3, two disordered ethyl ether solvent molecules per asymmetric unit were removed using the SQUEEZE option in PLATON. 34 The crystallographic data as well as details of the structure solution and refinement procedures are reported in Table 1 . CCDC 1471844 (1) and 1471845 (3) contain the supplementary crystallographic data for this paper.
Magnetic susceptibility studies
Magnetic susceptibility measurements were carried out on polycrystalline samples with a DSM5 Quantum Design susceptometer working in the range 2-300 K under a magnetic field of 0.5 T. TIP and ρ stand for the temperature-independent paramagnetism and impurities (in %), respectively. Diamagnetic corrections were estimated from Pascal Tables.
Preparations 1-CH 3 -2-CO 2 H-1,2-closo-C 2 B 10 H 10 was prepared according to the literature procedures. 35 The synthetic manipulations of cobalt compounds were routinely performed under ambient conditions. Synthesis of [Co 2 (µ-H 2 O)(1-CH 3 -2-CO 2 -1,2-closo-C 2 B 10 H 10 ) 4 -(THF) 4 ], 1. 1-CH 3 -2-CO 2 H-1,2-closo-C 2 B 10 H 10 , LH, (0.200 g, 0.990 mmol) in ethanol (1.5 mL) was neutralized with a 0.1 M aqueous NaOH solution with phenolphthalein as an indicator at room temperature and immediately mixed with a solution of CoCl 2 ·6H 2 O (0.120 g, 0.490 mmol) in water (1 mL). The temperature of the pink solution gradually rose to 40°C. After 2 h the solvent was removed under vacuum, and the solid residue was redissolved in THF (30 mL) and again dried under vacuum. The last process was repeated three times. The obtained residue was once more dissolved in THF, the solution was filtered to remove solid Na 2 SO 4 and the solvent was again removed under vacuum. The resulting pink solid was recrystallized by the slow diffusion of pentane into a diethylether solution to afford air-stable pink crystals of 1 suitable for X-ray diffraction analysis. Yield: 0.28 g (93% O) n , 2. To a suspension of 1-CH 3 -2-CO 2 H-1,2-closo-C 2 B 10 H 10 , LH, (0.093 g, 0.458 mmol) in water (20 mL) was added CoCO 3 (0.055 g, 0.458 mmol) in water (5 mL). The solution was stirred and heated to 40°C for 22 h. Afterward, the solution was filtered and the solvent was removed under vacuum to obtain a pale pink solid. The resulting product was recrystallized in a dichloromethane solution. Yield: 0.103 g (94%). 1 
